The counter light yield for MIP detection reaches 60 photoelectrons, light collection nonuniformity does not exceed 30%. For example, calculated MIP detection efficiency is 99.9% at 15 phe discriminator threshold and in this case the peak-value ratio in an amplitude spectrum is equal to 1.2 and event rate is about 100 1/s. The noise counts created by only SiPM are not observed at this threshold.
The small sizes of SiPM and preamplifier allows one to create detectors without geometrical inefficiency zones and to cover with them areas of any size. Such detectors may be used in cosmic ray researches, guard systems and other applications.
International Conference on New Photo-detectors PhotoDet2015 6-9 July 2015
Moscow, Troitsk, Russia
Introduction
Detectors based on polymer scintillators are widely used in high energy physics experiments and other fields of science and engineering. Development and improvement of the detectors is provided by the design of new devices and materials. Thus, recently developed avalanche multipixel photodiodes have got high quantum efficiency and large gain. These diodes obtained the name of the silicon photomultipliers -SiPM. To collect scintillation light wave length shifting (WLS) fibers having a large attenuation length of light and good timings are widely used. The technique of manufacturing bulky scintillators using industrial polystyrene granules (BASF 165H) by melting in the mold was developed at IHEP [1] . The granules are mixed with scintillation dyes, placed into molds with polished surfaces, and melted in a vacuum furnace. Such technology allows one to increase the rate of scintillators production, and currently our equipment allows one to produce up to 10 -15 tons of scintillators a year. Dimensions of the scintillator plates are up to 60100 cm 2 (limited by furnace size), tested thickness -from 20 to 50 mm and small cross section long (up to 3 m) strips are also possible.
In this paper we discussed the possibility of creating scintillation detectors by combining the above elements into a single system. Rather long WLS fibers are placed uniformly on the wide side of the scintillator, and their ends are directed to a small area SiPM.
Detector design
We have made scintillator plates of 5050 cm 2 size with a thickness of 20 and 50 mm.
These scintillators have a maximum of irradiation spectrum of 425 nm, and compared with polymerized from styrene, have similar light output in small samples (of the order of several cm), but significantly lower volume transparency. These plates were used for detector prototypes with WLS-fibers light collection. 1 mm diameter WLS fibers (Kuraray, Japan) Y-11 (200 ppm) type [2] with a maximum of emission spectrum of the 476 nm (in zero length of the fiber; after 1 m -about 500 nm) and not less than 3.5 m attenuation length. Two fibers are glued in the spiral grooves 1.5 mm wide and 2 mm deep, machined on the surface of the scintillator. The ends of the fibers (4 pcs.) are attached to the scintillator corner, fixed in a square 22 mm 2 in size and carefully polished. In the first counter (further version 1) the total length of the fibers is about 6 m, and in the second (further version 2) is about 4 m (economical version). A sketch and a photo of the fibers (shown in green) arrangement in the first counter is shown in Fig.1 . The idea of this solution comes from [3] . 
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We produced more than 1200 of such plates 5050 cm 2 in size for Baksan Observatory. Histogram of the light output of these scintillators tested with γ-source is shown in Fig.2 .
The counter with 5 cm thick scintillator with the geometry of version 1 was fabricated. The scintillators are wrapped in one layer of 30 m aluminized Mylar, and then black/ red paper (100 m) for the light tightness. A large area detector may be easily combined with these plates having gaps in between less than 0.5  1 mm, which is important for guard systems. An electric SiPM signal is fed to a small amplifier with an input impedance of 50 Ohms, gain of 10 and the rise time of about 3.5 ns. The amplifier is located on the scintillator directly near the photodiode and generates a signal into a coaxial cable with 50 Ohm impedance, as shown in Fig.3 . 
3.
Experimental results ADC scale has been calibrated (see Fig.4 ) before the measurements. A blue LED low illumination was used in this test, and the distance between the peaks of the separated photoelectrons (pedestal -1 phe -2 phe -3 phe) was measured. Under the assumption of the SiPM linearity the average value of the single-electron peak (SER) is 13.1 ADC channels with an operating voltage -43.5 V, and this voltage and SER were used in other measurements. The measurements were performed with cosmic muons using two 1010 cm2 size trigger counters, located above and below the scintillator plate. Amplitude spectra were collected with a 12-bit ADC (from GAMS experiment) with gate duration of 50 ns. An example of the amplitude spectrum for 20 mm scintillator counter with a modest light output (version 2) is shown below - Fig.5 . Dependence of the detection efficiency calculated from the amplitude spectrum as a function of the threshold (ADC channel units) is shown in Fig. 6 . The results of the measurements are shown in Table 1 . The left edge of the amplitude spectrum was fit with a normal distribution ("Amplitude"). Light collection nonuniformity does not exceed 30%. The noise of SiPM avalanche multiplication may be completely suppressed at ~20 phe detection threshold. The use of such counters may be interesting for cosmic ray researches, where large detector areas are required. In this case the counter can operate with self-trigger with a properly chosen threshold. To check such mode of operation the counter with lower light output (version
ADC Channel Number
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 Pedestal -211 ch. Max -467.8 ch. SER -7 ADC ch. 37 pe 2,  2 cm thick scintillator) was tested. The output signal of the amplifier is split using a resistive divider and fed to the ADC and discriminator. The threshold of the discriminator was set at 15 photoelectrons (20 mV  105 ADC ch.) with the maximum of the cosmic muons spectrum of 40 phe. The obtained result is shown in Fig.7 . The position of spectral maximum is in a good agreement with the result obtained with an external trigger (see Fig.5 ). For the insulated SiPM (disconnected from the detector and light isolated) we have got the following random coincidence:
Number of Events
-6 at 15 photoelectron threshold,  2.410 -6 at 17 photoelectron threshold.
Thus, the number of random coincidences at high detection efficiency (above 99%) seems to be reasonably low.
Muon Detector
The same technology was developed for the production of the long thin strips which are widely used for muon detectors.
The sketch of the muon hodoscope element (strip) is shown in Fig.8 . Thickness of the scintillator is 10 mm. Two 1 mm fibers (Y11) ~4 m long are glued with epoxy into the grooves of 1.52 mm 2 cross-section. The element is wrapped with Tyvek (100 m) and black/red paper (100 m) for the light insulation. The muon detector is planned to cover large area as 22 m 2 in OKA experiment at IHEP. Typical test results are shown in Fig.9 (cosmic ray test with external trigger) and Fig.10 (OKA beam test). The strips may be produced up to 3 m long, with a total volume of ~1000 strips per year.
5.
Conclusion
The aim of this work is the development of a simple and robust design of the detector which does not have geometric dead zones. The tests of the counters, made on the basis of the solid scintillators of polystyrene granules with the WLS fiber light collection and readout with SiPM, show that:
1. The use of such scintillators is very promising. The light output above 30 photoelectrons ensures high detection efficiency. It may be improved with better quality SiPM selection or use of another type avalanche photodiodes.
2. The use of long WLS fibers enables effective light collection with small nonuniformity from the large area of scintillator to a small area of SiPM;
3. Small size SiPM and preamplifier results in a lack of geometrical dead zones of the detector;
